Background
Results
The eradication rate was greater approximately 10% in vacA s1 compared with vacA s2 infected patients, and the pooled RR was 1.164 (95%CI: 1.040-1.303, P = 0.008). A significant association existed between vacA s1 and higher eradication rates in Europe (RR: 1.203, 95%CI: 1.003-1.442, P = 0.046) and Asia (RR: 1.187, 95%CI: 1.028-1.371, P = 0.020), in triple therapy patients (RR: 1.175, 95%CI: 1.012-1.365, P = 0.035). Eradication rates were similar for vacA m1 and m2 genotypes (RR: 0.981, 95%CI: 0.891-1.080, P = 0.690), whereas they were higher by approximately 8% in cagA-positive compared with cagA-negative infected patients, with a pooled RR of 1.094 (95%CI: 1.025-1.168, P = 0.007). A significant association existed between cagA-positive and increased eradication rates in Europe (RR: 1.138, 95%CI: 1.000-1.295, P = 0.049) and Asia (RR: 1.118, 95%CI: 1.051-1.190, P<0.001), in using PCR (RR: 1.232, 95%CI: 1.142-1.329, P<0.001) and protein chips (RR: 1.200, 95%CI: 1.060-1.359, P = 0.004), in triple therapy patients (RR: 1.090, 95%CI: 1.006-1.181, P = 0.034).
Introduction
(CBMdisc), and China Science and Technology Jouranl Database (VIP), were systematically searched using the terms, "vacA", "cagA", "H. pylori/Helicobacter pylori", and "eradication/ therapy/treatment". The corresponding Chinese terms were used when searching Chinese databases. Furthermore, references that were cited in each included study were also searched manually to identify potential, additional relevant studies. If the information provided in the article was not sufficiently clear, we contacted the author for detailed raw data. The last search date was October 1, 2016.
Inclusion and exclusion criteria
Studies included in this meta-analysis must meet the following inclusion criteria: studies published in English or in Chinese; studies investigating the association of vacA or cagA status for successful eradication of H. pylori infection; studies with sufficient raw data for estimating RR and their 95% confidence interval (CI). Exclusion criteria: reviews or meta-analyses; animal or cytology experiments; duplicate publications; studies not involving vacA or cagA; and studies published neither in English nor Chinese; no data of eradication cases to vacA or cagA status.
Data extraction
Two authors (Dan Wang and Qiuping Li) extracted the data independently from the included studies. Any conflicts were resolved after discussion, and consensus was finally reached on all extracted data. The following information was extracted from each study: first author, year of publication, country, region, disease, eradication detection method, detection methods for vacA and cagA status, treatment, therapeutic regimen, and numbers of successful and failed eradications according to vacA and cagA status.
Quality assessment
The Newcastle-Ottawa scale (NOS) with eight items was used to estimate the validity of the included studies [15] . We evaluated the studies on a nine star scale based on selection (four stars maximum), comparability (two stars maximum) and outcome (three stars maximum). NOS scores of 1-3, 4-6 and 7-9 were considered low, medium and high quality, respectively.
Statistical analysis
The statistical analysis was carried out by Stata software (Version 11.0; StataCorp, College Station, TX, USA). The eradication rate was calculated by per-proptocol (PP) analysis. The pooled H. pylori eradication rates were assessed via a random-effects model. Cumulative RRs and the corresponding 95% CIs were used to measure the strength of associations between the vacA or cagA status and eradication of H. pylori. P value<0.05 was considered statistically significant. Heterogeneity across the studies was assessed using a Q statistic (P<0.10 indicates significant heterogeneity between studies) and an I-squared (I 2 ) value [16] .A fixed-effects model using the Mantel-Haenszel method was performed when Heterogeneity between studies was not significant [17] . Otherwise, a random-effects model based on the DerSimonian and Laird method was used [18] . A sensitivity analysis was performed to explore heterogeneity when significant heterogeneity was indicated. Subgroup analysis was used to explore the effect of region and peptic ulcer disease (PUD) with non-peptic ulcer disease(NPUD), the detection method of eradication, therapeutic regimen. Moreover, publication bias was evaluated quantitatively using Begg's [19] and Egger's tests [20] . Significant publication bias was indicated if P value< 0.05.
Results

Characteristics of the included studies
This meta-analysis was organized according to the PRISMA statement (S1 Table) . A systematic search of Chinese and English electronic databases yielded 1466 citations after removal of duplicates. The flow chart of included studies is summarized in Fig 1. By screening titles and abstracts, we excluded 1064 citations that were apparently irrelevant, 184 that were reviews or meta-analyses and two that were not full-text articles. After reviewing the full texts of the remaining 216 citations, we removed 125 that were not relevant to this analysis, 30 that were not eradication studies, 24 that were not about cagA or vacA and 11 that were not clinical trials. Finally, 26 studies that met the inclusion criteria were selected for the meta-analysis. The characteristics of the 26 included prospective studies are presented in Table 1 .The NOS results indicated that all the included studies were at an high level of quality with scores ranging from 7 to 8, because some studies did not provide specific selection criteria of control group, some studies only include one kind of gastric disease and most studies did not fully consider the control factor for the comparability of cases and controls such as age and sex. Detailed results for NOS quality assessment were summarized (S2 Table) .
Association between vacA status and eradication of H. pylori vacA s1 and vacA s2 genotypes and eradication of H. pylori. Risk ratios regarding the effects of vacA s1 and vacA s2 genotypes on H. pylori eradication rates were available for all nine trials, which included data from 772 patients (591 patients in the vacA s1 group and 181 patients in vacA s2 group). A fixed-effects model was used because significant heterogeneity was not present (I 2 = 38.4%, P = 0.112). The pooled H. pylori eradication rate was 83% (95%CI: Cui [46] 75-91%) for vacA s1 and 73% (95%CI: 61-85%) for vacA s2 (Figs 2 and 3 ). We found that eradication rates improved by approximately 10% in the vacA s1 group compared with the vacA s2 group and that the pooled RR was 1.164 (95%CI: 1.040-1.303, P = 0.008; Table 2 and Fig 4) . Based on these results, we determined that vacA s1 strains are more likely to be eradicated by anti-H. pylori therapy compared with vacA s2 strains. Next, we conducted subgroup analyses based on region (European or Asian) and therapy regimen (triple therapy). The regional subgroup analysis showed that for Europe and Asia, pooled RRs were 1.203 (95%CI: 1.003-1.442, P = 0.046) and 1.187 (95%CI: 1.028-1.371, P = 0.020; Table 2 ), respectively, regarding the effects of vacA s1 compared with vacA s2 on eradication rates. The therapy regimen subgroup analysis showed that vacA s1 status had higher eradication rates in the triple therapy subgroup (RR: 1.175, 95%CI: 1.012-1.360, P = 0.035; Table 2 ).
vacA m1 and vacA m2 genotypes and eradication of H. pylori Risk ratios regarding the effects of vacA m1 and vacA m2 genotypes on H. pylori eradication rates were available for all five trials, which included data from 391 patients (135 patients in the vacA m1 group and 256 patients in vacA m2 group). A fixed-effects model was used because significant heterogeneity was not present (I 2 = 28.1%, P = 0.235). The pooled H. pylori eradication rate was 84% (95%CI: 71-97%) for vacA m1 and 84% (95%CI: 80-89%) for vacA m2 (Figs 5 and 6 ). The pooled RR was 0.981 (95%CI: 0.891-1.080, P = 0.690; Table 2 and Fig  7) . Based on these results, we determined that there was no statistically significant difference in H. pylori eradication rates between vacA m1 and vacA m2 genotypes based on therapy. Similarly, subgroup analysis based on region, in European or Asian, indicated that there was no The (Figs 8 and 9 ). We found that eradication rates were higher by approximately 8% in the cagA-positive compared with the cagA-negative group and that the pooled RR was 1.094 (95%CI: 1.025-1.168, P = 0.007; Table 2 and Fig 10) . There was significant heterogeneity that existed among studies (I 2 = 56.0%, P<0.001). To further investigate the sources of heterogeneity, we conducted a sensitivity analysis. After removing the most obvious outlying study by Van Doorn et al. (RR: 1.63) [8] , heterogeneity remained (I 2 = 51.7%, P = 0.002).
In the remaining studies, using a random-effects model, we still concluded that cagA-positive strains had higher H. pylori therapy eradication rates compared with cagA-negative ones (RR: 1.083, 95%CI: 1.017-1.153, P = 0.013). Next, we conducted subgroup analyses based on region (Europe, Asia or South America), disease ((PUD) or NPUD), detection method of eradication (polymerase chain reaction (PCR), protein chip, enzyme-linked immunosorbent assay (ELSIA) or western blot (WB)) and therapeutic regimen (dual-, triple-, quadruple-or sequential therapy). Regional subgroup analysis showed that for Europe and Asia, pooled RRs were 1.138 (95%CI: 1.000-1.295, P = 0.049) Table 2 ). Disease subgroup analysis showed that PUD and NPUD subgroups did not improve eradication rates (RR: 1.274, 95%CI: 0.664-2.445, P = 0.467; RR: 0.988, 95%CI: 0.861-1.134; P = 0.865; Table 2 ). Subgroup analysis based on the detection method of eradication showed that the cagA-positive genotype was associated with higher eradication rates in the PCR and protein chip subgroups (RR: 1.232, 95%CI: 1.142-1.329, P<0.001; RR: 1.200, 95%CI: 1.060-1.359, P = 0.004; Table 2 ) but not in the ELSIA or WB subgroups (RR: 1.048, 95%CI: 0.972-1.130, P = 0.223; RR: 0.801, 95%CI: 0.534-1.203, P = 0.285; Table 2 ). Therapeutic regimen subgroup analysis showed that the cagA-positive genotype was associated with higher eradication rates in the triple therapy (RR: 1.090, 95%CI: 1.006-1.181, P = 0.034) but not in dual-(RR: 0.978, 95%CI: 0.414-2.307, P = 0.959), quadruple-(RR: 1.134, 95%CI: 0.946-1.360, P = 0.173) or sequential therapy subgroups (RR: 1.114, 95%CI: 0.997-1.244, P = 0.057; Table 2 ). The association between vacA or cagA status and eradication outcome of Helicobacter pylori infection: A meta-analysis
Publication bias
We performed the Begg's and Egger's tests to quantitatively evaluate the publication bias of the association between vacA and cagA for the successful eradication of H. pylori infection. Publication bias observed in this meta-analysis was not significant. Detailed information for the publication bias test is summarized in Table 3 .
Discussion
In this meta-analysis study, the effect of virulence factors vacA and cagA on eradication treatment was analyzed systematically and the cumulative eradication rates were calculated. Our results showed that the eradication rates in patients infected with vacA s1 and s2 strains were 83% and 73%, respectively, for cagA-positive, and 85% and 77%, respectively, for cagA-negative. Patients with vacA s1 and cagA-positive strains were more likely to be eradicated, irrespective of vacA m subtype. In addition, the correlation of virulence factors with H. pylori eradication was also affected by factors such as region, detection method of eradication and therapeutic regimen. Our study provides useful information regarding the prediction of eradication outcome and for exploring molecular mechanisms of bacterial resistance. The association between vacA or cagA status and eradication outcome of Helicobacter pylori infection: A meta-analysis
VacA and CagA are the most intensively studied pathogenic factors of H. pylori. It is generally accepted that the vacA s1 and cagA-positive strains are likely more virulent and more closely related with gastric diseases. Our meta-analysis showed that strains carrying more virulence factors were more likely to be eradicated than other strains. We speculated the following reasons for this phenomenon: 1. In patients with a vacA s1, cagA-positive infection the inflammatory cell infiltration was significantly higher than in those with vacA s2, cagA-negative [21] . On the one hand, inflammatory factors can regulate gastric acid secretion; on the other hand, inflammation-related cytokines can increase local blood flow, which is conducive to antibiotic spread. Changes in gastric acid secretion and improvement in local blood flow can affect the delivery of antibiotics. 2. In patients with a vacA s1, cagA-positive infection, the permeability of drugs in the gastric mucosa may be significantly higher than in those who were vacA s2, cagA-negative. VacA s1, cagA-positive strains can cause more severe mucosal damage, which may allow better penetration of antibiotics from the gastric lumen [22] and allow better systemic delivery of drugs [23] . 3. One study reported that H. pylori density is higher and growth is faster in patients with a vacA s1, cagA-positive infection relative to vacA s2, cagA-negative patients. In addition, antibiotics have a stronger bactericidal effect during proliferation. 4 . VacA s1, cagA-positive strains promoted synergistic increases in H. pylori eradication. VacA s1 The association between vacA or cagA status and eradication outcome of Helicobacter pylori infection: A meta-analysis strains have a significant correlation with the presence of cagA [7] . Most cagA-positive strains are vacA s1, and cagA-negative strains are vacA s2. Thus, it is possible that these two factors together improve the eradication effect. 5. Infection with high virulence H. pylori is more susceptible to bacterial resistance-related gene mutations. For example, some researchers have found that vacA s1-and cagA-positive strains often contained the A2143G mutation. Such mutations are associated with bacterial clarithromycin resistance [24] . In 2006, Suzuki et al. [25] performed a meta-analysis to compare the eradication efficacy of CagA-positive and CagA-negative strains in 14 articles. In the present study, we conducted an updated, detailed The association between vacA or cagA status and eradication outcome of Helicobacter pylori infection: A meta-analysis meta-analysis of 25 published papers to further confirm their study. We also calculated the pooled eradication rate of H. pylori and evaluated the cumulative RR. Our results indicate that eradication rates were greater by approximately 8% in the cagA-positive group compared with the cagA-negative group and that the pooled RR was 1.094.
In a further subgroup analysis, the relationship between virulence factor status and eradication efficacy was stratified based on region, disease, detection method of eradication and therapeutic regimen. The results showed that in Europe and Asia, the eradication efficacy was better for vacA s1, cagA-positive compared with vacA s2 cagA-negative strains. However, in South America there was no significant difference in the eradication outcome of patients infected with cagA-positive or cagA-negative strains. These results suggest that in Europe and Asia, patients infected with the vacA s1 and cagA-positive strains, despite an increased risk of stomach disease, can achieve better eradication rates. In South America, owing to the relatively small number of included studies (n = 1), it cannot be concluded whether vacA s1/s2 subtypes were associated with eradication. In the stratified analysis of therapy regimens, vacA s1 status had higher eradication rates in the triple-therapy patients. Because of the small number of included studies, we cannot make a comparison between sequential-and quadruple therapy. cagA-positive had higher eradication rates in patients who received the triple therapy but not in those who received dual-, quadruple-or sequential therapies. This shows that the efficacy of quadruple or sequential therapy is not affected by cagA virulence factors. Perhaps this is one reason why quadruple-or sequential therapy was used more gradually as the first-line treatment than triple therapy. The source of disease analyses showed that neither in the PUD nor in the NPUD subgroups were eradication rates improved regarding cagA status, indicating that the relationship between cagA and eradication efficacy is not affected by disease status. In addition, when PCR and protein chip methods were used to determine eradication rates, the cagA-positive eradication rate was higher than the cagA-negative one. However, the same conclusion cannot be reached when the ELISA or WB methods were used. It is possible that compared with the ELISA and WB methods, PCR and protein chip may be more sensitive, reliable and accurate. The traditional ELSIA and WB methods are quantitative assays for detecting serum cagA antibody levels and the results may be affected by various factors. Although the protein chip is also based on the detection of protein, only a small amount of protein sample is needed, because sensitivity is 100 times greater than that of the WB and ELISA, so the results are more reliable and accurate. PCR is a qualitative analysis of the virulence factor at the gene level in gastric mucosal tissues and formalin-embedded specimens. Even if little DNA is contained in these specimens, virulence factors can also be detected using PCR amplification, which can reflect the real situation of gastric infection. In addition, PCR detection also avoids the time-consuming and harsh conditions of H. pylori culture, so the PCR method will have a broader application in the future.
This meta-analysis had some limitations. First, we only included studies written in English or Chinese. Thus, selection bias might exist. Second, some of individual studies may not result in a tangible conclusion due to PPI brand, type of antibiotic, the small sample size, regional differences, treatment regimen differences, disease background, or differences in detection methods. Therefore, the results from this meta-analysis should be verifiable by conducting a larger and thorough study. Third, the articles on cagA and eradication efficacy included two with children as subjects and the remainder with adults. Differences between children and adults may have a potential impact on the eradication efficacy. Fourth, we only analyzed the relationship between cagA-positive or negative and eradication efficacy, and did not explore completeness of cag PAI and eradication efficacy. cag PAI is a 40-kb DNA fragment found in the cagApositive strain. The integrity of cag PAI is different in different H.pylori strains and can be divided into three types: intact-PAI, partially deleted-PAI, and totally deleted-PAI genes.
According to the structural differences of cag PAI, H. pylori can be divided into different virulent groups and cause different clinical outcomes after infection. Because there were few reports regarding differences in integrity of cag PAI and drug resistance, we were unable to perform a meta-analysis on this. In addition, polymorphisms in the EPIYA sequence determine differences in cagA protein function. Based on the EPIYA motifs, H. pylori was subcategorized as Western or East Asian strains. However, until now there has been no study that has investigated its relationship with eradication efficacy. These unresolved problems are critical in exploring the relationship between virulence factors and eradication efficacy and will be the focus of future research. Fifth, the study of vacA and H. pylori eradication is mainly focused on s and m regions; therefore, a meta-analysis of only these regions was carried out in our study. In fact, polymorphisms of vacA mainly include three areas: s, i, and m. However, the relationship between the i region and H. pylori eradication has been reported to a lesser extent. Only one study has shown that low virulence vacA i2 is related to A2143G mutations, and high virulence vacA i1 is related to A2142G mutations [26] , suggesting that there may be some relationship between vacA i genotypes and antibiotic resistance. More research is still needed to further validate this correlation. However, the number of such studies is too small to be sufficient for meta-analysis. Sixth, this meta-analysis only summarizes the relationship between virulence factors and drug resistance in patients infected with a single strain. In the included studies used in this meta-analysis, only the one by Russo mentioned two cases of mixed infection of vacA s1 and s2, one of which was successfully treated while the other was not. In the rest of the included studies, authors had detected the presence of mixed infections, but they did not analyze the relationship between mixed infection and H. pylori eradication. Therefore, we cannot further analyze the relationship between mixed infection and eradication efficacy. However, the actual relationship between mixed infection and H. pylori eradication, and whether it is easier or more difficult to eradicate than a single infection, still requires further research in this area, especially in regions with a high proportion of mixed infections. Seventh, in our included data, the eradication rate was calculated using PP analysis. This method, removing the failed to complete test subjects, will inevitably result in an overestimation of the eradication rates. Because of the small number of studies using intent-to-treat (ITT) analysis, it is not possible to compare the effects of these two analysis programs on eradication rates. Eighth, other virulence factors of H. pylori, such as dupA, oipA and iceA [27] [28] [29] [30] may also affect eradication outcomes. However, relatively few of these factors have been reported in the literature, which did not allow us to conduct a systematic meta-analysis of them.
Conclusion
In summary, this meta analysis demostrateded virulence factors vacA s1 and cagA indeed affect the eradication efficacy of H. pylori. vacA s1, cagA-positive strains are easier to eradicate in infected patients, but this has nothing to do with the vacA m subtype. In addition, the correlation between vacA s1, cagA-positive and eradication efficacy was also affected by region, detection method of eradication and therapeutic regimen. Our results suggest that although vacA s1 and cagA-positive strains are high-risk factors for the development of gastric diseases, the eradication efficacy is better than the other H. pylori strains. In patients infected with vacA s2 and cagA-negative strains, though less pathogenic, H. pylori is more difficult to eradicate. This may be one of the causes of H. pylori antibiotic resistance. Our study may complement investigations of resistance-related bacterial factors, providing possible clues to further explore H. pylori antibiotic resistance, which may help in finding a new therapeutic target to eradicate H. pylori. For all that, the results from our meta-analysis should be verifiable by conducting a larger and thorough study in the further.
